RHESSI points continually at the Sun and uses nine high-purity germanium detectors to detect gamma-rays from flares (S1). The detectors are housed in a cryostat on the antisunward end of the spacecraft; depending on direction, from a few mm to a few cm of aluminum separates them from space. Gamma rays above ∼100 keV can penetrate this easily and can thus be observed from any direction. RHESSI's detectors are 7.1 cm in diameter and electronically segmented into thin (1.5 cm) front segments and thick (7.0 cm) rear segments; the rear segments were used to search for TGFs, since the front segments often see high fluxes of solar x-rays. The energy resolution of the rear segments is a few keV (increasing gradually with energy), and their energy range is from 20 keV to ∼18 MeV. This resolution, unique to germanium (which must be cooled to ∼ 80K), is extremely valuable in the study of gamma-ray line features in solar flares but is far better than is necessary for this work. TGF photons with energies beyond the single-detector limit of 18 MeV are recognizable when they Compton scatter, dividing their energy between rear segments.
Materials and Methods
RHESSI points continually at the Sun and uses nine high-purity germanium detectors to detect gamma-rays from flares (S1). The detectors are housed in a cryostat on the antisunward end of the spacecraft; depending on direction, from a few mm to a few cm of aluminum separates them from space. Gamma rays above ∼100 keV can penetrate this easily and can thus be observed from any direction. RHESSI's detectors are 7.1 cm in diameter and electronically segmented into thin (1.5 cm) front segments and thick (7.0 cm) rear segments; the rear segments were used to search for TGFs, since the front segments often see high fluxes of solar x-rays. The energy resolution of the rear segments is a few keV (increasing gradually with energy), and their energy range is from 20 keV to ∼18 MeV. This resolution, unique to germanium (which must be cooled to ∼ 80K), is extremely valuable in the study of gamma-ray line features in solar flares but is far better than is necessary for this work. TGF photons with energies beyond the single-detector limit of 18 MeV are recognizable when they Compton scatter, dividing their energy between rear segments.
Although much smaller than BATSE's Large Area Detectors (LADs), RHESSI's detectors have a higher stopping power at MeV energies, being in the form of thick cylinders rather than thin plates like the LADs. RHESSI's other advantage over BATSE in finding TGFs is that the energy and arrival time to 1 µs of every photon event are recorded, and TGFs can be identified on the ground from the raw data. BATSE required an onboard trigger based on a 64 ms accumulation in order to read out a TGF, which may have caused it to miss many events, since a lot of unnecessary background is included in 64 ms; furthermore, BATSE's ability to retrigger in the minutes after an initial trigger was restricted (S2). We believe that these factors account for the much larger number of TGFs observed by RHESSI, since for a flash of a given intensity BATSE should have been more sensitive than RHESSI, even accounting for the extremely hard spectra of the TGFs and RHESSI's advantage in sensitivity at the highest energies.
Details about the RHESSI detectors, their performance, and their electronics are provided in Smith et al. (S1).
Although RHESSI does not have BATSE's capability to identify the direction of incoming photons as being from the Earth, there is no other known phenomenon, cosmic, solar, or terrestrial, that produces isolated flashes with durations on the order of 1 ms; in addition, the global distribution of the events (Fig. 1) agrees with BATSE's and demands a terrestrial interpretation. Any non-terrestrial source would have a distribution like that in the top panel of Fig. 1 . RHESSI TGFs are identified by collecting the total counts in the rear segments into 1 ms bins, and looking for points at > 12σ above the instantaneous average count rate. This high threshold was chosen empirically to give a data sample free of noise events. The background count rate is not purely Poissonian, since several detectors often count at once due to Compton scattering of an energetic background photon or a shower of bremsstrahlung and secondary particles due to a single cosmic ray. The final RHESSI TGF sample is not uniformly sensitive in luminosity; it is biased toward finding faint flashes only where our background is lowest (near the magnetic equator) and toward finding flashes with durations close to 1 ms (which, according to the BATSE database, is typical). Flashes in which one detector provides most of the counts are rejected as being due to a rare detector malfunction that has other identifiable spectral and temporal characteristics. Simultaneous counts in multiple detectors that occur within ±1µs are considered to have come from the same incident photon (or cosmic ray). The 2µs time window represents timing uncertainties in the instrument electronics, not photon time of flight. The exposure plot in Fig. 1 was generated by selecting TGFs from the RHESSI database, inserting one of them into the real data stream every 4 seconds, and recording only those events that passed our usual trigger criteria. The large empty spot in the South Atlantic represents RHESSI's passage, approximately 6 times per day, through the Earth's inner radiation belt where it comes closest to the atmosphere; data are not taken at these locations due to high background in the detectors. The higher exposure at high latitudes is a function of the geometry of a circular, inclined orbit. The drops in exposure over the continental United States and the Indian Ocean have two causes. First, there are often electrons from the Earth's outer belt producing bremsstrahlung in the spacecraft at these times, resulting in increases in background rate and a corresponding decrease in sensitivity. Second, in order to reduce the impact of this background on the spacecraft's memory capacity, we often throw out a fraction of the lowerenergy photons in the rear segments during these times (see the discussion of "decimation" in Smith et al. (S1) ). This cuts out some TGF photons and reduces our sensitivity. Part of the process of generating the top plot in Fig. 1 involved artificially decimating the counts in the TGFs that were added to the data stream over the appropriate regions. In the future, we will experiment with a trigger that uses high energies only (>∼ 400 keV), which may improve sensitivity during these times.
Only one genuine TGF actually triggered while RHESSI was decimating. The sensitivity plot in Fig. 1 , which indicates that our sensitivity over the continental United States was not much lower than over the equatorial regions, suggests that this may actually be due to a genuine deficit of TGFs at high latitudes and not solely to decimation and high backgrounds. This issue will have to be explored much more carefully in the future, since lightning and sprites are very common in thunderstorms in this region. The single decimated TGF was eliminated from the spectral analysis, which is why only 85 events are quoted as contributing to the spectrum in Fig. 2 . Supporting References and Notes S1. D. M. Smith et al., Solar Physics, 210, 33 (2002 
